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Spectrbscopy of BCl, and CCl4 plasmas shows major 
dlfftrwSlf.thalfcantSS'^^lblated tt their etch character- 
iSS BdU- alone etches Al.O, readily, but etches 
llmfr^m SlyV- Adding Cl2 Uuces its effect vaness 
at etchinmo:^># allow! a. very '^3P%d^1"^^"^?4^f ' 
The spectra qHcIa plasmas do not reveal major differ- 
ence? in chemistry*with the addition of. Gig. From 
spectral evi^dence. the main difference between the two 
gases is that CCl. is a much better source of atomic 
Chlorine than is Ici,. Plasmas of CCl. alone, CCl^ plus 
CI,, and BCla.-'Plus CI, show a strong Band emission, at 
257 ran dug^io-Clyi: This band can obscure the 251 nm 
band of AKi thil -is:; 0^^^ as an endpoint signal. 

The intens3iy:T0# this- band is very sensitive to the pre- 
sence of aMnUmjPinvtheirplasma. The CI, signal is .^ 
quenched alitettetch^ijittation. When ^ICj emission is 
detected. «^th€sltite. clears and the AlCl emission 
disappear^^^:he:^?l2>^ignffl returns The Al ato""": mis- 
sion li nef St 394 and 396 nm have "O^-'ntf^erence and. 
are suggested ?*s. better .lines for end point detection. 



Introduction 

Plasma spectroscopy, offers. an excellent window into th.e mechanism 
of plasma etching,- viiriiys, par true when t'?^ ^t^").""^' ' ■ 

large chemical component;- In that case the plasma will emit the . 
characteristic spectral emissions of both reactant and product 
species. This is already widely used in endpoint detection in silicon 
(1) and aluminum etching (2). This paper will examine the plasma 
emission spectra toward elucidating etching mechanisms of various 
gases In aluminum processing. 

Two conmonly used gases in Al thin film etching are CCl- and BCla, 
either alone or in combination with CW. Ar or He is usuaU5| added as 
a diluent. These gases show great differences in their spectral 
characteristics, especially in the region between Z50 and 400 nm. 
Emissions from reactant. gas fragments as well as Clj, Al, and Aiui are 
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Observed in this region (3). Atomic CI can be detected at 726 nm. 
j^ese spectra can be related to their etching properties. Furthermore, 
examination of traces of both A1C1 and AT emission during etching 
shows significant; differences, that should be taken into account in 
selecting an end point signal; ' 

Experiinentgl ^ • 

All data reported hereiker^ with a load-locked parallel 

plate plasma reactor with ari anodized aluminum interior. Spectra were 
recorded with a quarter meter monochroma tor with 2 nm reso- 
lution. All plasmi/condttipn^^^ at 1,0 torr with 13.56 MHz exci- 
tation, ^-f^•^y^;:• .^.;: .:■ . : 

Results and Discussion : . ' / 

The spBctrm'Mffl%:CC^ shows bands due to CI2 at 257, ; . 

308 nm and CCl at^272-27a nm^.:':N^ Al or AlCl emission is observed 

when the plasma is sustained empty anodized aluminum etch 

chamber. The addition ;pf:a^^ amount of 01? equal to the CCI4 1*^ .^ 

the plasma causesfiithe^jGClvel^^^ to be greatly reduced while emis-. 
sions from Clg argl;.Cl grow'^^in 4^ 

The spectruifb:6|f 2^^ an empty anodized aluminum chamber . 
shows several maj!p^|;di3[=f|r^^^^ the CCl plasma. No CTg emis-i - 

sion is seen, anffSaStoejleiSenn^ is weaker than with CCI4. BCl 

emission between -.2^^^^^^^^^ very strong. The band of AlCl at- 
261 nm is seen wi$hKstrong -dnte^ as are strong aluminum lines i 

at 394, 296 nm, ainii^ weaK-alu^^ lines at 308, 309 nm. The addition . 
. of a small amount^tof .CUitov the plasma removes any emission due to AT. 

species, reduces -^ne' BCT: ^ and results in strong Clg emission. 

BCl^ is regarj^ed. as -airijiex^^ etch initiator with a rapid etch 
rate of native aXjjmfnum^o^^^^^^^ spectral data corroborate this, 

since the present^ of Ai^/atrii'^A^ emission from an anodized aluminum 
chamber is directv^eytdencje;^©^^ of aluminum oxide. The absence; 

of Al emission f rpm the^^^^ when CCl 4 is used suggests that 

BCl-^ is a much bHte)^ a^ etchant than is CCl^. This is in 

contrast to a publYshed'^^^^^^r^ that states that CCl^ is a faster etch- 
ant for aluminum,^ide than: is^^^ (4). Moisture contamination could . 
not have been theJTeasprt^ f^ difference since the load locks on. 

the reactor alwayS: provi.ded; yeiry reproducible 'etch initiation with 
both BClj and CCT4./; Th^^adidttSion of Cl^ to the BClj plasma suppresses 
Al emission, indicating that oxide etching becomes inefficient in the 
presence of added Cl^- Howsver> because of the overlapping of the 
. broad 257 nm band of Cln with the 251 nm band of AlCl, this correla- 
tion is not clear. . To test this a silicon slice with an aluminum thin 
film was etched while the plasma spectrum was repetitively scanned 



104 



J AN 1? 2003 



M m FR 



TO 15104816495 



at 7Z6 ran.. 
€S, Furthermore* 
Ing etching 
0 account in* 



Iqcked parallel , 
r. Spectra .were 
reso- 

3,56 MHz exci- • 



CI 2 at 257, 
is observed 
inura etch 
to the CCl4 in 
ed while emis- 



luminum chamber 
No Clo emis- 
th CCI4. BCl 
and of AlCl at 
uminum lines 
. The addition 
ssion due to Al - 
ng CI 2 emission. 

ith a rapid etch 
oborate this, 
dized aluminuni 
2. The absence 
d suggests that 
:l^. This is in 
5 a faster etch- 
tami nation could 

load locks an . 
tiation with 
lasma suppresses 
Fficient in the 
pping of the 

this corral a- 
an aluminum thin 
/ely scanned 



to 



between Z55.and 265 nm to monitor both Clg. and AlCl emission. This is 
shown in Figure 1. Simultaneously the emission at 395 +3 nm was mon- 
itored to follow the Al atomic emission lines. This is shown in. 
Figure Z. The atomic emission. shows a steep onset and drop off as the 
slice clears. The 255-265 nm region show's an interesting quenching, 
effect. During the induction period before the penetration of the 
native oxide film, Cl? efnission is very strong and no AlCl signal is 
observed. The appearance of the AlCl signal is accompanied by the'de- 
crease and disappearance of the CU signal-. As the slice clears, the 
process is reversed. This behavior suggests caution in. using the 
261 nm band of AlCl as an end point for Al etch. The fall of one 
signal and rise of another overlapping signal could obscure the end 
point trace. 

From the spectral data, BCl3/Ar is an excellent etch gas for _ 
aluminum oxide. However, when aluminum coated slices. are etched with- 
BCU, the etch is very slow unless Cln is added. However, the dis- 
appearance of the Al emission from the empty chamber suggests that the 
addition of CI;, to a BClg/Ar plasma reduces the effectiveness of BCI3 
in" etching oxiae. . In both the BCU and CCl^ plasmas, the addition of 
CU suppresses dissociation of the other molecule, causing fewer of. 
the active radicals (either BCl or CCl) to be produced. Adding Clj 
BCl, apparently nullifies one of the advantages ascribed to BCls ' 
plasmas, namely its excellent etch initiation (oxide penetration) 
characteristics. However, the addition .of Cl^ is necessary to enhance 
the etch rate of an" aluminum film*. 

The etching characteristics of CCl. do not appear to be changed 
quite so drastically by the addition -of CI 2- CCl^/Ar alone apparently 
produces considerable amounts of free- chlorine as well as sufficient. 
CCl radicals to penetrate the oxide. and initiate etch. Addition of 
CI; increases the atomic CI concentration and accelerates the etch. A 
CCT4 plasma does not etch the anodized aluminum chamber at a spectro- 
scgpically detectable rate. 

A particularly interesting feature of the. spectra of aluminum 
etch plasmas is the: behavior of the CI2 band emission at 257 vm. The 
Clo emission is highly sensitive to the onset and completion of the 
etch* This behavior is contrasted to that of the atomic CI emission 
line at 726 nm. When the CI emission was monitored during etching 
under the same conditions as Figure 1, t-he CI signal dropped by about 
Z5% after etch initiation, and rose to its original level as the film 
cleared. Simple depletion of chlorine species does not account for 
the loss of the Clj signal. 

The 257 nm band of Clp is a known bond-to-bond transition 
originating, above'the dissociation energy of the chlorine molecule 
(5). The upper state is ionic in character and the lower state is cova- 
lent. The upper state is. efficiently pumped by the discharge. The 
AlCl band originating at 261 nm provides a non-radiative path for 
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quenching the excited CU. Another similar band of Clj occurs at 
308 nm. It Is readily oBserved in the a&sence of alumTnum species in 
the plasma. Like the 257 nm.band, it is quenched by the presence of 
Al species. In this case, the quenching species is probably the Al 
atom resonance state originating at 308 ran* 

The 261 nm band of AlCl is widely reported as a suitable end- 
point signal for aluminum etching • However, the behavior of the 
overlapping 257 nm Cln band suggests caution in its use. The oppos- 
ing behavior of the two .signals make the endpbint ambiguous, A 
preferable signal f or^GGT^f: or BGl, plasmas are the Al lines at 394 • 
and 396 nm. No other;:! irie^ in th^ region between 390 and 400 nm are 
detected with eithefc'He or Ar diluents. This allows for use of an 
interference filter t^iJsisplM^ two lines. As shown in Figure 2, 
they produce a sharp "^nlpplht^ where 261 nm can be 

ambiguous, ' ' . . 
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Figure 1, 

Repetitive 
with PCl3/Ar. 



scan during etching an aluminum coated wafer 
The spectrum was repetitively forward and^ 
reverse scanned between 255 and 265 nm. The broad band is 
Cl2 eraission centered at 257 nm and the sharp spike is due. 
to Al'Cl at 261 nm. During the induction period (A to B) 
only Clg is observed. During etching (B to C) only AlCl 
is oberved^ After the slice clears (C, only Cig emission 
is observed- RFis turned off at point D. 




Figure 2. 

Trace of the signal generated 
at 395 nm and recorded simultan- 
eously with the trace shown in 
Figure 1. Signal was detected 
through a 5 nm half bandwidth in- 
terference filter to detect both 
aluminum lines at 394 & 396 nm. 
Time scale is compressed by a fac- 
tor of 3,5 compared to Figure 1- 
Points A, B, C, D correspond to 
RF on, etch initiation, etch tenm- 
ination, and RF off, respectively. 
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